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(54) SEMICONDUCTOR DEVICE AND METHOD FOR MANUFACTURING THE SAME 



(57) Trie present invention is characterized, in a 
semiconductor device with a semiconductor element 
sealed by resin, in that a metallic foil is bonded through 
adhesive to the bottom of a lead frame with the semi- 
conductor element mounted thereon, and another 
metallic foil is fixed to the outer surface of the sealing 
resin on the side of the semiconductor element Such a 



configuration provides a semiconductor device free 
from warp. In addition, the effect of no warp and metallic 
foils on the upper and lower surfaces of the semicon- 
ductor device provides a reliable semiconductor device 
with excellent heat dissipation, less influence from 
moisture absorption and high thermal stress resistance. 



F*<r. I 



5 



9 



32 



4 



6 
J 



i 



8 



T 



■f 

7 




Printed by Xerox (UK) Business Services 
2.16.6/3.4 



EP0 883 170A1 

V 

Description 

TECHNICAL FIELD 

The present invention relates to a semiconductor device with a semiconductor element sealed by resin, and more 
particularly to a thin (low-profile) large-scaled semiconductor device with excellent heat dissipation and solder heat- 
resistance and free from warp and a method of fabricating the same. 



BACKGROUND OF THE INVENTION 

10 

A semiconductor device such as a transistor, IC and LSI has been conventionally sealed using a ceramic package, 
etc. and has been dominantly resin-sealed from the point of view of cost and mass production. For such resin-sealing, 
epoxy resin has been used to achieve good result On the other hand, whereas an increase in the integration degree 
and large-scaling of a semiconductor element have advanced with technical development in a semiconductor filed, 

is down-sizing and low-profiling of a semiconductor has been eagerly demanded. Thus, the rate of volume occupied by 
resin for sealing has decreased to reduce the thickness of a resin sealing portion. As a result, the semiconductor device 
has been likely to warp and to generate a connection trouble when the semiconductor device is mounted on a substrate. 
Particularly, an ultra-thin semiconductor device less than 1 . 5 mm, the warp was remarkable. Further, with low-profiling 
and large-scaling of the semiconductor device, resin sealing has been demanded to have more improved crack-resist- 

20 ance to thermal stress generated during a thermal cycle test (TCT) which is an accelerating test for evaluating the per- 
formance of semiconductor sealing resin. Moreover, the surface mounting has become a main stream as a technique 
of mounting the semiconductor device so that the semiconductor device has been also required to have solder heat 
resistance which means that the semiconductor device is free from crack or swelling even when it is solder-immersed 
in an moist state. In this case also, the semiconductor device is required to have higher solder heat-resistance than 

25 before. In addition, development of the integration degree led to an increasing tendency of heat generated in the sem- 
iconductor device so that the heat generated during the operation is stored within the semiconductor device. Thus, the 
temperature might exceed a junction temperature of the semiconductor element, thus resulting in me rralfunction of the 
semiconductor device. 

In order to overcome these inconveniences to improve each characteristic evaluated by TCT, it has been proposed 
so to modify epoxy resin as semiconductor sealing resin by silicon compound or supply it with rubber fine grains thereby 
reducing the thermal stress. Further, in order to improve crack resistance when immersed in solder, it has also been 
proposed to improve the contact between a lead frame and sealing resin, and select sealing resin with low moisture 
absorbency. Their effect, however, is not still sufficient. In the resin sealing type semiconductor device described above, 
since the sealing resin has a very low thermal conductivity, as disclosed in Japanese Patent Publication No. Hei. 5- 
35 198701 , it has been proposed to dissipate heat through a metallic foil applied on a die pad securing a semiconductor 
element. In this case, however, a warp is generated owing to unbalance in the material in a thickness direction. In Jap- 
anese Patent Publication No. Sho 63-187652. it is proposed to bond a metallic foil on either or both of the surfaces of 
a semiconductor device. This technique, since the adhesive or bonding agent layer for bonding is high in moisture 
absorbency. attenuates the effect of reducing solder heat resistance. In a low-profile semiconductor device widely used 
40 in recent years, a warp may be generated in a semiconductor device. 

Under such a circumstance, the present invention intends to provide a semiconductor device which can give high 
solder heat resistance and thermal stress resistance when immersed in solder and high heat dissipation and free from 
warp, even when it is low-profiled to 1 . 5 mm or less. 



45 DISCLOSURE OF THE INVENTION 

The present invention relates to a semiconductor device and a method for fabricating it as described below. 

(1) A resin sealing semiconductor device with a semiconductor element sealed by resin, characterized in that a 
. so . metallic foil is bonded through adhesive to the bottom of a lead frame with the semiconductor element mounted 
* . thereon, and another metallic foil is fixed to the outer surface of the sealing resin on the side of the semiconductor 
; . element 

; ; (2) The semiconductor device according to the above (1). characterized in that the lead frame is made of an iron- 
nickel alloy, the metallic foil bonded to the bottom of the lead frame has a linear expansion coefficient of 0.4 - 2.7 x 
, 55 1 0" 5 /°C, and the metallic foil fixed to the outer surface of the sealing resin on the side of the semiconductor element 
has a linear expansion coefficient of 0.4 - 0.8 x 10~ 5 /°C and a thickness of 2 - 10 times as large as that of the metal- 
lic foil on the bottom of the lead frame. 

(3) The semiconductor device according to the above (1). characterized in that the lead frame is made of a copper 
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alloy, the metallic foil bonded to the bottom of the lead frame has a linear expansion coefficient of 0.4 - 1.8 x 10* 
tyC, and the metallic foil fixed to the outer surface of the sealing resin on the side of the semiconductor element 
has a linear expansion coefficient of 1 .6 - 2.7 x lO^C and a thickness of 0.5 - 3 times as large as that of the metal- 
lic foil on the bottom of the lead frame. 

(4) The semiconductor device according to any one of the above (1) - (3), characterized in that the metallic foil fixed 
to the outer surface of the sealing resin on the side of the semiconductor element sinks from an outermost product- 
identifying organic layer thickness thereof. 

(5) The semiconductor device according to any one of (1) - (4), characterized in that the adhesive bonding the lead 
frame to the metallic foil on the bottom of the lead frame contains polycarbodiimide as a main composition. 

(6) A method for fabricating a semiconductor device characterized by comprising the steps of provisionally f ixing a 
metallic foil on an upper cavity surface of a die. mounting another metallic foil equipped with adhesive on a lower 
cavity surface of the die with the adhesive being upside, setting a lead frame with a semiconductor element 
mounted thereon, clamping the die to bond the metallic foils to the lead frame, and injecting resin into the die and 
molding it. 

(7) The method for fabricating a semiconductor device the above (6). characterized in that when the metallic layer 
is provisionally fixed to the upper cavity surface of the die, said metallic layer having an organic layer having prod- 
uct-identifying function is provisionally fixed to the cavity surface through the organic layer. 

(8) The method for fabricating a semiconductor device according to the above (6) or (7), characterized in that the 
adhesive boding the lead frame to the metallic film on the bottom of the lead frame contains polycarbodiimide as a 
main composition. 

RRtEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a sectional view showing a structure of an element-sealing type resin sealing semiconductor device 
according to the present invention; 

Fig. 2 is a sectional view showing another structure according to the present invention; and 
Figs. 3A tQ 3D are time-sequential explanation views for fabricating a semiconductor device according to the first 
embodiment; Fig. 3A is a view showing the state where a metallic foil 3 is set on a lower die 2 with adhesive located 
upward and metallic foil 3 is set on an upper die by a provisional securing organic layer 6, Fig. 3B is a view showing 
the state where a lead frame 8 with a semiconductor element mounted thereon is set, Fig. 3C is a view showing 
the state where the dies are closed and the lead frame and metallic foil 3 are bonded by adhesive 4, and Fig. 3D is 
a view showing the state where sealing resin 10 has been injected to be molded. 

REST MODES OF CARRYING OUT THE INVENTION 

As shown in Fig. 1 , in the semiconductor device according to the present a metallic foil 3 is adhered to the bottom 
of a lead frame 8 on which a semiconductor element 7 is mounted, and another metallic foil 6 having product-identifying 
function is adhered to the outer surface of a sealing resin on the side of the semiconductor element. The lead frame 
used in the present invention is made of an iron-nickel alloy having a linear expansion coefficient of 0.4 - 0.8 x 10" 5 /°C 
or a copper alloy having a linear expansion coefficient of 1.6 - 1 .8 x 10" 5 /°C. and generally has a thickness of 0. 12 - 0. 
25 jim. A case, in which a die pad for securing the semiconductor element 7 is removed and the semiconductor element 
is directly secured to the metallic foil adhered to the bottom of the lead frame, should be included in the scope of the 
present invention. The metallic foil adhered to the bottom of the lead frame has a linear expansion coefficient of 0.4 - 
2.7 x 10" 5 /°C. The metallic foil has a thickness of 1 - 100 *im, preferably 10 - 50 urn in order to structure a low-profile 
semiconductor device. The metallic foil which is less than 1 n thick is apt to deform and difficult to deal with. The metallic 
foil which is larger than 100 urn is not preferred since it hinders low-profiling of the entire semiconductor device. The 
metallic foil used is made of a copper alloy, iron-nickel alloy or aluminum. Particularly, in order to improve heat dissipa- 
tion, the metallic foil is preferably made of a copper alloy having a thermal conductivity of about 0.94 x 10~ 4 (cal/cm • 
sec • °C) 

On the side of the semiconductor device, a sealing resin 10 is located for sealing the semiconductor element having 
a thickness of 0.3 jim. Further, on the outer surface, a metallic foil 5 is located for preventing warp of the semiconductor 
device and advantageously affecting the solder heat resistance and chilled heat cycle. On the surface of the metallic 
foil, an organic layer 6 is formed. A product-identifying information can be recorded in the organic layer. However, this 
organic layer is not indispensable. A configuration in which the semiconductor element is provisionally secured to the 
surface of a die cavity by magnetic force or sucking provides a semiconductor device as shown in Fig. 2. Generally, the 
semiconductor device as shown in Fig. 2 is likely to warp with the side of the semiconductor element being concave and 
convex rf the lead frame is made of an iron-nickel alloy and is made of a copper alloy, respectively. This is because the 
members constituting the semiconductor device has different linear expansion coefficients in the process of returning 
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from a molding temperature (generally, 175 °C) to room temperature. As a result of detailed study of the phenomenon, 
the inventors of the present invention found that by selecting the metallic foils having differerrt linear expand 
ciertts in accordance with the material of the lead frame and by changing their rigidity due to a change in thickness, warp 
of the semiconductor device can be suppressed. Specifically, where the lead frame is made of an iron-nickel alloy, a 

s metallic foil having a linear expansion coefficient of 0. 4 - 2.7 x 10" 5 /°C can be used on the bottom of the lead frame. In 
this case, the metallic foil having a linear expansion coefficient of 0.4 - 0.8 x 10" 5 /°C and a thickness of 2 - 10 times as 
large as that on the bottom of the lead frame is located on the side of the semiconductor element, thereby preventing 
the semiconductor device from warping. On the other hand, where the lead frame is made of a copper alloy, a metallic 
foil having a linear expansion coefficient of 0.4-1.8x1 0" 5 /°C can be used on the bottom of the lead frame. In this case, 

10 the metallic foil having a linear expansion coefficient of 1.6 - 2.7 x W 5 t°C and a thickness 0.5 - 3 times as large as that 
on the bottom of the lead frame is located on the side of the semiconductor element, thereby preventing the semicon- 
ductor device from warping. Not having been clarified, this may be because the sealing resin 10 of the thermosetting 
resin which can be used in the present invention has an average linear expansion coefficient of 1 .0 - 2.4 x 1 0' 5 /°C at 20 
- 175 °C and a bending elasticity coefficient of 1000 - 2000 kg/mm 2 . This may be also because since the sealing resin 

15 layer on the lead frame is as thin as 0.4 - 1 . 1 mm, the stress generated between the lead frame and sealing resin due 
to a linear expansion coefficient difference therebetween gives a reverse stress through the metallic foil provided on the 
side of the semiconductor element 

The resin used for sealing the semiconductor element may be thermosetting resin such as epoxy resin, phenol 
resin, urea resin, melamine resin, polyester resin, diallylphthalate, polyphenylene sulfide. Among them, from the stand- 
ee point of reliability of the resin sealing type semiconductor device, particularly, the epoxy resin may be preferably used. 
In this case, the epoxy resin is used as a composition mixed with a known additive such as setting promoting agent and 
filler. The method for sealing the semiconductor element using a composition of epoxy resin should not be particularly 
limited, but can be carried out by a known molding such as an ordinary transfer molding. 

The method for fabricating a semiconductor device according to the present invention is characterized in that in a 
: 25 method of molding resin for sealing the semiconductor element 7 using a cavity die, a metallic foil 5 is provisionally 
secured to an upper cavity face of the die. a metallic foil 3 supplied with adhesive 4 is mounted on the lower cavity face 
of the die with the adhesive located upside, the lead frame 8 is set and thereafter the die is clamped so that the metallic 
foil is bonded to the lead frame and subsequently, resin is injected and molded. 

In the semiconductor device in which the organic layer 6 previously formed on the surface of the metallic foil, as 

30 shown in Fig. 1 , the organic layer forms an outer surface of the one side of the semiconductor device, and the metallic 
foil 5 is secured to the lower surface of the organic layer 6 so as to sink therefrom. In this case, the metallic foil can be 
formed on the surface of the die pad after it has been provisionally secured by sucking or using the organic layer given 
a function of provisional securing. 

In the semiconductor device provided with the metallic foil accompanied by no organic layer, as shown in Fig. 2, the 

35 metallic foil constitutes the one outer surface of the semiconductor device. In this case, the metallic foil is provisionally 
secured to the surface of the die pad by sucking before molding. 

On the other hand, the metallic foil 3 to be formed on the bottom of the lead frame 8 can be bonded to the lead 
frame using the adhesive 4. In this case, the metallic foil 3 and lead frame 8 may be previously bonded to each other 
by the adhesive 4. The semiconductor element can be mounted on such a lead frame equipped with the metallic foil. 

40 Otherwise, the metallic foil 3 may be bonded to the lead frame in such a manner that after the metallic film 3 with the 
adhesive placed upside has been set on the lower side of the die pad and the lead frame with the semiconductor ele- 
ment is mounted thereon, the die pad is clamped. The adhesive 4 used in this case preferably has excellent solubility 
with sealing resin. In addition, the adhesive preferably has an initial thickness of 10 - 200 jim and a softening point 
below 150°C. This is because it important that the adhesive sufficiently flows in between lead pins during clamping by 

45 the die heated at 1 75°C in order to realize its improved contact with lead pins. In this case, after bonding, the thickness 
of the adhesive becomes 10-50 *im. and the flowed adhesive 4 goes in between the lead pins. This provides a "dam 
bar effect" of preventing sealing resin from flowing out from the die during molding. 

Further, from the viewpoint of reliability, it is desired that the adhesive 4 has a saturated water absorption coefficient 
: : , . of 0. 1 wt % or less at 85 °C/85% RH. The adhesive may be epoxy resin. poiyimkJe, polyester resin or polyurethane 
7 :* so resin. Particularly, the material containing polycarbodiimide as a main component, which has heat resistance and good 
water absorption coefficient, is preferred. Polycarbodiimide can be exemplified by the following structural equation (A). 

- (R - N = C = N)n - (A) 

55 where - R - is preferably 
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The preferred materia! contains the carbodimide having the above structural equation as a main component (pref- 
erably 70 wt % or more of the adhesive) and epoxy resin, polyetherimide resin or rubber resin as an auxiliary resin. The 
adhesive may contain filler such as silica 

A process for fabricating a semiconductor device according to the present invention is shown in time passage in 
\ 40 Figs. 3A to 3D. As shown in Rg. 3A, open upper and lower dies 1 and 2 set at about 1 75°C are prepared. A metallic foil 
5 is provisionally secured though an organic layer 6 on the upper cavity surface of the upper die 1 . A metallic toil 3 hav- 
ing an organic layer 4 is located on the low cavity surface. These metallic foils can be set using vacuum adsorption or 
magnet, or otherwise using the organic layer located on the metallic foil as a provisional securing agent 

As shown in Rg. 3B, a lead frame 8 equipped with a semiconductor element 7 is supplied. Subsequently, as shown 
45 in Rg. 3C, the dies 1 and 2 are closed. Then, the adhesive 4 of the metallic foil flows in between lead pins and between 
die pad and metallic foil owing to heat from the dies and clamping force for the dies. As shown in Rg. 3D, sealing resin 
10 is injected into the dies under the condition set at Rg. 3D. When the dies 1 and 2 are opened, a semiconductor 
device is taken out which on the one surface, the organic layer 6 is formed and the metallic foil 5 is embedded on the 
lower side thereof while on the other surface, the metallic foil 3 is exposed. 
so The organic layer 6 can provide a provisional securing function as adhesive with thermal bonding property. The 
organic layer 6 may be made of epoxy resin, polyester resin, phenol resin or polyimide resin. The organic layer 6 pref- 
erably has a thickness of 5 - 1 00 um. The organic layer 6 serving as a provisional securing function can contain pigment 
or filler to provide contrast so that it can serve as a product-identifying recording layer. 

The semiconductor device is covered with the metallic foil 5 with a rate of preferably 50 %, particularly 80 % of the 
55 one surface area of the semiconductor device. This is because coverage of 50 % or more remarkably improves crack 
resistance during TCT of the completed semiconductor device and during solder immersion. 

The semiconductor device according to the present invention has the following features. 
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1. in contrast to an ordinary semiconductor device, the semiconductor device according to the present invention, in 
which sealing material is located on only the lead frame, can realize its low-profiling and greatly improve its mount- 
ing density. 

2. The semiconductor device according to the present invention, in which the prescribed metallic foils are formed 
5 on the outer surface of the sealing resin on the side of the semiconductor element and bottom surface of the lead 

frame, respectively, is difficult to warp although the sealing resin is located on only the lead frame. This makes it 
easy to mount the semiconductor device on a mother board. During TCT, less deformation due to stress is given to 
the semiconductor device, thereby lengthening the life. 

3. Since the bottom surface of the lead frame is covered, through the adhesive, with the metallic foil having a higher 
io thermal conductivity coefficient than sealing resin, heat in the semiconductor element is apt to dissipate outside the 

semiconductor device. This enhances the heat dissipation efficiency of the semiconductor device. 

4. The semiconductor device according to the present invention, whose major surface area is covered with the 
metallic foil, is difficult to absorb moisture. In addition, since the strength of the metallic foil is higher than sealing 
resin, solder heat resistance during solder immersion can be improved. 

15 5. The semiconductor device according to the present invention, whose major surface area is covered with the 
metallic foil, is difficult to generate a trouble of separating from the die after molding. This gives a high yield of the 
device. 

An explanation will be given of the features of the semiconductor device in contrast to the comparative example. 
20 In the embodiments of the present invention, the sealing resin used is epoxy resin having an average linear expan- 
sion coefficient of 2.2 x lO'^IAC). When the semiconductor element is transfer-molded (condition: hardening after 
1 75°C x 2 minutes and after 1 75°C x 5 hours), the die pad used has a size of 8 x 8 mm and the chip has a size of 7 x 
7 x 0.3 mm. The completed semiconductor device is a 80 pin QFP (size: 20 x 14 mm). 

The test has been carried out by the following measurements. 

I TCT (Thermal Cycle Test) 

The cycle test was done in a cycle of 50°C five minutes - 150 °C five minutes. The semiconductor device was eval- 
uated in terms of the number of generated cracks when a predetermined number of cycles were measured. 

30 

II Solder Heat Resistance 

The semiconductor device was left in a constant temperature bath at relative humidity of 85 % at 85 °C to absorb 
moisture. Thereafter, it was immersed in a solder solution at 260 °C for 10 seconds and evaluated in terms of the 
35 number of generated cracks. 

•-. ' ■ 

III Heat Resistance 

The semiconductor device whose heat dissipation is to be measured was given a resistor element as the semicon- 
40 ductor device having the same size as described above and capable of generating heat of 2 W. The semiconductor 
device was molded in a manner described above to provide a sample. 

The semiconductor device was subjected to cooling by air at a fluid speed being changed. The heat resistance Rja 
was obtained on the basis of the following equation. 

45 Rja = (Tj - Ta)/Q 

where Tj : junction temperature, Ta : room temperatures and Q: quantity of generated heat 

. IV Amount of Warp 

50 

With respect to the semiconductor device after molding, the surface coarseness on each of the side of the semi- 
conductor element and on the opposite side thereto was measured by a contact surface coarseness meter. The differ- 
ence between the maximum value and minimum value was taken for each measured coarseness. The larger difference 
was adopted as an amount of warp of the semiconductor device at issua The values of (+) and (-) means that the sem- 
55 i conductor device warps in a concave shape and convex shape on the side of the semiconductor element, respectively. 
With the semiconductor device having the size actually used in the test it was confirmed that the warp within a range 
of ± 30 urn gives no problem in practical use. 
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The organic layer of epoxy resin having a thickness of 20 jim, located on the aluminum alloy foil having a thickness 
of 30 urn (linear expansion coefficient: 2.6 x 10~ 5 /*C). was provisionally secured to be brought into contact with the 

5 upper die cavity surface. The epoxy resin whose Tg is 1 00 °C or less could be easily secured to the upper die. The cop- 
per alloy having a thickness of 1 0 pm (linear expansion coefficient: 1.7x1 0' 5 /°C), on which adhesive having a thickness 
of 50 iim and containing as a main component fluorine-containing polycarbodimide is applied, is set on the lower die 
cavity surface. Further, the lead frame of copper alloy (thickness: 125 um, linear expansion coefficient: 1.7 x 10* 5 /°C) 
was also set In this state, the dies were clamped. Thereafter, resin was introduced into the die cavities to mold the sem- 

10 iconductor device. 

The aluminum alloy foil having a size of 1 8 x 12 mm and the copper alloy having a size of 20 x 1 4 mm were located 
on both sides of the semiconductor device. The total thickness of the semiconductor device was 1 mm. The warp of the 
semiconductor device thus completed was measured. Thereafter, the semiconductor device was subjected to TCT and 
solder heat resistance test The result is shown in Table 1 . 
is The semiconductor device according to this embodiment provides little warp which does not hinder its mounting or 
packaging, and is excellent in its TCT, solder heat resistance and heat resistance. 

The semiconductor device according to this embodiment could be molded with no inconvenience such as voids, 
deformation of gold lines and deformation of the semiconductor device., thereby providing samples with a high yield. 
The semiconductor device with no warp could be surely mounted on a mother board. 

20 

2nd Embodiment 

The semiconductor device was completed in the same manner as in the first embodiment except that an iron-nickel 
alloy (having a thickness of 50 um and linear expansion coefficient of 0.4 x 1 0~ 5 /°C) was used as the metallic foil on the 
25 semiconductor device, a 42 alloy (having a thickness of 125 um and linear expansion coefficient of 0.4 x 10" 5 /°C) was 
used as the lead frame, and a copper metallic foil (having a thickness of 25 um and linear expansion coefficient of 1 .7 
x 10' 5 y°C) was used as the metallic foil on the bottom of the lead frame. The test result of the semiconductor device 
according to the present invention is shown in Table 1 . It can be seen that like the first embodiment, the good result was 
obtained. 

30 

Comparative Examples 1 and 2 

Using component materials as shown in Table 2. the semiconductor devices were fabricated in the same manner 
as in the first embodiment The completed semiconductor devices were subjected to the same test as for the first 

35 embodiment. The test results are shown in Table 1 . The first comparative example, in which with the lead frame made 
of copper, the metallic foil on the semiconductor element is made of iron-nickel alloy (42 alloy) having a linear expansion 
coefficient of 0.4 x 10" 5 /°C, generated a warp of a convex shape on the side of the semiconductor element. The warp 
gave the worse result of TCT as compared with the embodiments according to the present invention. 

The second comparative example, in which with the lead frame made of the 42 alloy, the metallic foil on the bottom 

40 of the lead frame is made of the 42 alley and that on the semiconductor element is made of the aluminum having a linear 
expansion coefficient of 2.6 x 10~ 5 /°C, generated a warp of a concave shape on the side of the semiconductor element. 
The warp gave the worse result of TCT as compared with the embodiments according to the present invention. 



TABLE 1 



50. 







Embodiment 


Comparative Example 






1 


2 


1 


2 


TCT (Number of Products with Cracks 


200 Cycle 


0 


0 


0 


0 


Generated/20 Products ) 


500 Cycle 


0 


0 


1 


2 




1000 Cycle 


0 


0 


4 


6 


Solder Heat Resistance (Number of Prod- 


96 Hours 


0 


0 


0 


0 


ucts with Cracks Generated/20 Products ) 


168 Hours 


0 


0 


0 


2 




500 Hours 


0 


0 


2 


4 



Mir 
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TABLE 1 (continued) 







Embodiment 


Comparative Example 






1 


2 


1 


2 


Heat Resistance (W/»C) 


1m/sec 


17 


17 


17 


26 




3m/sec 


10 


11 


9 


14 




5m/sec 


8 


8 


8 


11 


Warp of Semiconductor Device (um) 


Concave shape (+) 












Convex shape (-) 


19 


-13 


-56 


240 



TABLE 2 





Embodiment 1 


Embodiment 2 


Comparative Example 
1 


Comparative Example 
2 


Metallic foil on the Side 
of Semiconductor ele- 
ment (A) 


Aluminum 30 urn 


42 Alloy 50 um 


42 Alloy 30 urn 


Aluminum 40 um 


Lead Frame (B) 


Copper 


42 Alloy 


Copper 


42 Alloy 


Metallic Foil on the 
Bottom of Lead Frame 


Copper 10 jim 


Copper 25 jim 


Copper 10 um 


42 Alloy 10 jim 


Thickness Rate 
between Metallic Foils 
(A/B) 


3 


2 


3 


4 



* linear expansion coefficient of used metal: 
aluminum; 2.6x10" 5 /°C 
copper; 1.7 x KrVC 
42aDoy; 0.4x10* 5 /°C 



INDUSTRIAL APPLICABILITY 

The present invention is characterized in that a metallic foil is set on the bottom of a lead frame on which a semi- 
conductor element is mount and another metallic foil is set on the outer surface of sealing resin on the semiconductor 
element. Such a configuration permits the semiconductor device to be easily low-profiled, and provides the semicon- 
ductor device with excellent moisture resistance, solder heat resistance during solder immersion, thermal stress resist- 
ance and high heat dissipation. The warp of the semiconductor device can also be reduced by a suitable combination 
of the linear expansion coefficient and thickness of the metallic foil. Therefore, the semiconductor device can be surely 
mounted on a mother board. 

Claims 

1. A resin sealing semiconductor device with a semiconductor element sealed by resin, wherein a metallic foil is 
bonded through adhesive to a bottom of a lead frame with the semiconductor element mounted thereon, and 
another metallic foil is fixed to an outer surface of the sealing resin on a side of the semiconductor element 

2. The semiconductor device according to claim 1 , wherein the lead frame is made of an iron-nickel alloy, the metallic 
foil bonded to the bottom of the lead frame through the adhesive has a linear expansion coefficient of 0.4 - 2.7 x 1 0' 
^C, and the metallic foil fixed to the outer surface of the sealing resin on the side of the serniconductor element 
has a linear expansion coefficient of 0.4 - 0.8 x 10* 5 /°C and a thickness of 2 - 1 0 times as large as that of the metal- 
lic foil on the bottom of the lead frame. 
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3- The semiconductor device according to daim 1 , wherein the lead frame is made of a copper alloy, the metallic foil 
bonded to the bottom of the lead frame through the adhesive has a linear expansion coefficient of 0.4 - 1.8 x 10" 
5 /*C. and the metallic foil fixed to the outer surface of the sealing resin on the side of the semiconductor element 
has a linear expansion coefficient of 1 .6 - 2.7 x 1 0^FC and a thickness of 0.5 - 3 times as large as that of the metal- 
5 lie foil on the bottom of the lead frame. 

4. The semiconductor device according to any one of claims 1 to 3. wherein that the metallic foil fixed to the outer sur- 
face of the sealing resin on the side of the semiconductor element sinks from an outermost organic layer having a 
product-identifying function by a thickness thereof. 

10 

5. The semiconductor device according to any one of claims 1 to 4, wherein the adhesive bonding the lead frame to 
the metallic foil on the bottom of the lead frame contains polycarbodiimide as a main composition. 

6. A method for fabricating a semiconductor device comprising the steps of: provisionally fixing a metallic foil on an 
is upper cavity surface of a die; mounting another metallic foil equipped with adhesive on a lower cavity surface of the 

die with the adhesive being upside; setting a lead frame with a semiconductor element mounted thereon; clamping 
the die to bond the metallic foils to the lead frame; and injecting resin into the die and molding it. 

7. The method for fabricating a semiconductor device according to claim 6, wherein, when the metallic layer is provi- 
so sionally fixed to the upper cavity surface of the die, said metallic layer having an organic layer having product-iden- 
tifying function is provisionally fixed to the cavity surface through the organic layer. 

8. The method for fabricating a semiconductor device according to any one of claims 6 and 7, wherein the adhesive 
boding the lead frame to the metallic film on the bottom of the lead frame contains polycarbodiimide as a main com- 

25 position. 
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